Pyrolysis assay, bitumen analysis, and elemental analysis of kerogen were used to characterize the organic matter of selected core samples from Hole 534A (Leg 76) and Hole 391C (Leg 44) on the Blake-Bahama Plateau. The organic matter throughout the stratigraphic section appears to be principally of a terrestrial origin. The data from several isolated horizons in the Hatteras and Blake-Bahama Formations imply the presence of significant quantities of autochthonous marine organic matter. However, these horizons appear so limited that they cannot be considered potential liquid hydrocarbon source rocks. All the analyzed samples are immature and have not evolved sufficiently to enter into the main stage of hydrocarbon generation.
INTRODUCTION
The type, quantity, and distribution of organic matter in sediments offer insight into paleoceanographic conditions and hydrocarbon potential of a region. This chapter is aimed at determining the level of organic enrichment and the character of organic matter present within the stratigraphic columns of two closely spaced DSDP sites, Sites 391 and 534 (Fig. 1) . It is hoped that this information can suggest a mechanism that will explain the variations in the carbonaceous sediments of the North Atlantic noted earlier by Tissot et al. (1980) . Organic matter can be characterized through several different procedures. This chapter relies principally on pyrolysis assay and the analysis of both soluble (bitumen) and insoluble (kerogen) organic components. Three types of organic matter are identified in this study: two are primary and the third is secondary or recycled.
One of the primary types has a marine origin. This material is derived from marine plankton. It is characterized by high atomic H/C ratios, moderate atomic O/C ratios, and high yields of total extractables and Pyrolytic hydrocarbons relative to organic carbon content. This marine material has good potential for the generation of oil upon thermal maturation. It would be termed type II organic matter in the scheme of Tissot et al. (1974) .
The second primary type is derived from higher continental plant detritus. This material is characterized by low to moderate atomic H/C ratios, moderate to high atomic O/C ratios, and low yields of total extractables and Pyrolytic hydrocarbons relative to organic carbon content. It will normally generate gas upon thermal maturation and would be classified as type III organic matter (Tissot et al., 1974) .
The third type of organic matter is derived from previously sedimented deposits and/or has undergone either severe thermal stress or oxidation. The material has very low atomic H/C ratios and characteristically highly variable O/C ratios. This material has very low yields of total extractables and Pyrolytic hydrocarbons relative to organic carbon content. It is no longer capable of generating either gaseous or liquid hydrocarbons. This type of organic matter is commonly termed either R.O.M. (recycled organic matter) or type IV (Tissot et al., 1980) .
ANALYTICAL METHODOLOGY
Fifty-three samples of approximately 50 g each were analyzed. Stratigraphic positions of the samples are summarized in Figures 2 and 3. Each sample was oven-dried at 60 °C and ground to approximately 44 microns. Organic carbon content was determined using a LECO combustion system after decarbonating. Those samples with >0.5 wt.% organic carbon were analyzed further by pyrolysis in a Rock-Eval unit as described by Espitalié et al. (1977) . Kerogen isolation and subsequent elemental analysis (C, H, O, and N) were performed on samples containing > 1.0 wt.% organic carbon. A portion of each sample was extracted using an azeotropic mixture of chloroform, acetone, and methanol, followed by the precipitating of asphaltenes with pentane and separation by liquid chromatography.
ANALYTICAL RESULTS

Organic Carbon
At both sites, total organic carbon (TOC) contents are highly variable, ranging from less than 0.1 wt.% to greater than 4.6 wt.% (Table 1 ). The vertical variability of organic richness is presented in Figures 2 and 3 . The two richest sections (534A-48-5 and 534A-53-2), with organic carbon contents of greater than 4.0 wt.%, are Barremian/Hauterivian. Other samples with organic carbon values in excess of 1.0 wt.% are common to the Albian and Aptian of both holes and are present within the Valanginian, Berriasian, and Kimmeridgian strata of Hole 534A. In general, samples with less than 0.3 wt.% TOC, the mean for DSDP material (Mclver, 1975) , are restricted to the pre-and post-Cretaceous samples of Hole 534A.
Pyrolysis Assay (Rock-Eval)
The total hydrocarbon yields, S! (free, distillable hydrocarbons) + S 2 (generatable hydrocarbons), range from less than 1 mg hydrocarbons/g rock to greater than 18 mg hydrocarbons/g rock (Table 1; Figs. 2 and 3). Potential or effective hydrocarbon source rocks display hydrocarbon yields of greater than 6 mg hydrocarbons/g rock (Tissot and Welte, 1978) . In the present study, source rocks of this quality are limited to Sections 534A-48-5 and 534A-53-2, which have yields of 14.32 and 18.19 mg hydrocarbons/g rock, respectively. 
BarremianAptian
1100-
1200-
BerriasianBarremian
BlakeBahama Figure 3 . Stratigraphic summary of organic carbon and pyrolysis data from Hole 391C.
In addition to the screening of potential source facies, it has been suggested that the hydrogen index (S 2 / TOC) and oxygen index (S 3 or organic CO 2 /TOC) are comparable to the H/C and O/C ratios, respectively (Espitalié et al., 1977) . These indices (Fig. 4) suggest that the organic matter contained within the examined samples is principally of a terrestrial origin, largely vitrinitic or recycled, with a small mixed population plotting between type II (marine) and type III (vitrinitic) kerogens. This interpretation is tentative and must be confirmed by elemental analysis. The characterization of organic matter using pyrolysis data alone is subject to error because of the effects of both mineral matrix and level of organic enrichment (Katz, 1981) .
Pyrolysis also offers an indication of organic maturity through both T ma× ., the temperature at which there is maximum hydrocarbon generation, and the transformation ratio (Si/Si + S 2 ). All r max values from the two sites are 435°C or less (Table 1; Figs. 2 and 3), indicating that the organic matter is thermally immature and has not entered into the stage of peak hydrocarbon generation. The transformation ratios obtained on those samples with sufficient hydrocarbon yields for the ratio to be meaningful are below 0.1 (Table 1) , confirming the thermal immaturity of the organic matter.
BITUMEN CHARACTERIZATION
Bitumen yields ranged from as low as 59 ppm, essentially background, to as high as 2838 ppm total extract (TOE, Table 2 ). Extract fractionation identified the material to be largely resins (NSOs) and asphaltenes with low hydrocarbon contents. The relative lack of hydrocarbons appears to reflect the immaturity of the sediment and the largely continental character of its organic matter.
Some samples have total extract yields inconsistent with both the low level of thermal maturity and the total organic carbon content. These anomalies are represented by extract to organic carbon ratios greater than 0.2 (TOE/TOC; Table 2 ). These elevated bitumen values may be due to either contamination or migration of mature "petroleumlike" material and subsequent alteration due to bacterial attack and/or gas deasphalting. The low level of hydrocarbons contained within these extracts favors the latter interpretation.
The elevated extractable yields do not appear to indicate favorable hydrocarbon generation potential within the section. Although according to some interpretational schemes (GeoChem Laboratories, Inc., 1980) , total extractable yields in excess of 1000 ppm indicate very good source potential, most such samples analyzed in the present study have Pyrolytic hydrocarbon yields consistent with either poor or fair source rocks (Tissot and Welte, 1978) . These low pyrolysis yields confirm that the bitumens are hydrogen depleted and are incapable of yielding hydrocarbons upon thermal cracking.
ELEMENTAL ANALYSIS OF KEROGEN
The elemental data, summarized in Table 3 and Figure 5 , confirm that the organic matter is largely derived from higher plants of terrestrial origin. The H/C and O/C ratios, plotted on a conventional van Krevelentype diagram, indicate that most of the analyzed material is rather closely aligned with the type III reference curve. A very small population, having H/C and O/C ratios that plot below the type III reference curve, was derived either from recycled material or from primary organic matter that had been strongly oxidized prior to its incorporation into the sedimentary column. 
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The data for a third population plot between reference curves II and III. The organic matter in these samples is a mixture of terrestrial-and marine-derived material. The relative amount of marine material varies from Section 534A-53-2, which plots very close to the type II reference curve, to Section 534A-48-5, which plots midway between the type II and type III reference ence curves. These discrete strata enriched in marine organic matter are Barremian/Hauterivian and Valanginian/Berriasian at Site 534 and Aptian at Site 391.
DISCUSSION
The preservation in the sedimentary column of primarily terrestrially derived organic matter does not require strongly anoxic conditions (Demaison and Moore, 1980) . Terrestrial material is partially oxidized and degraded during transport so that only the more stable components reach the final depocenter. As a result, terrestrial material may be preserved under oxic conditions. Therefore, although most of the Cretaceous and some of the Jurassic sediments examined contain aboveaverage quantities of organic carbon, they need not have been deposited under anoxic conditions. Their organic richness may reflect high continental organic productivities reflecting the warm and humid climatic conditions of the Cretaceous and Jurassic (Barron, 1980) . Such conditions could have provided the large quantities of terrestrial material observed in the sediments without regard to the oxidative state of the depositional environment. An oxic depositional environment is also consistent with the general paleocirculation patterns described by Sclater et al. (1977) . For the Cretaceous and Jurassic, Sclater et al. (1977) suggest that deep water entered the North Atlantic through a gap between the Bahama Platform and the Guinea Nose. This would have resulted in oxygen renewal and maintenance of an oxic depositional environment. Preservation of marine-derived organic matter, however, requires an anoxic environment. Such a condition implies isolation of a water mass, and a supply of consumable organic matter in excess of the available oxygen. Because of the poorly developed stratigraphic and spatial distribution of those strata found by this study to be enriched in type II kerogen, it is unlikely that they reflect the development of long-lived large anoxic water masses. It is possible that they represent brief periods of stagnation and high productivity, which may or may not be synchronous basin-wide. These stagnant conditions may have resulted from changes in general bottom-water circulation, whereby oxygenated bottom water was briefly cut off from the Pacific by tectonic activity of the "Panama barrier" (Saunders et al., 1973) or by transient changes in deep-water eddy patterns capable of isolating bottom-water pockets. As a consequence of the limited stratigraphic distribution of these marine organic facies, it does not appear probable that they represent potential oil source facies. These data also imply that broad generalizations and predictions of hydrocarbon source qualities based solely on limited well control data should be viewed cautiously. SUMMARY 1. The preserved organic matter is principally continental in origin and therefore has only limited potential to generate liquid hydrocarbons.
2. Discrete Aptian, Barremian/Hauterivian, and Valanginian/Berriasian strata contain significant contributions of marine organic matter, suggesting anoxic depositional conditions.
3. Only strata within the Barremian/Hauterivian sections of Hole 5 34A have hydrocarbon yields indicative of good potential source facies.
4. The spatial and temporal distribution of marine horizons at these two sites on the western Atlantic continental margin suggests that they are not related to development of long-lived anoxic water masses, but rather may reflect brief changes in bottom-water circulation.
